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There eve pointe at1212 ancertain eenearning the 
Velocity of sound in finida oonteined in tabee. the Kelm- 
holts ~ Fircekhoff theory purporte to explain the ¢leine tion 
of velocity almost inverinhbip obeerved by vrevion® ex ser- 
imenters, and while some referrchere clair: thet trie theory 
esuffieiensiy explnins she frote, others ave of the sninion 
thet no Gheerr atequ«tealy acconnte for thes eli. Yost af the | 
ex pezivcenteal work in Sabes hee been erforeo@ on gabves, a} 
genersliy siz, and in this cennection Cornish end “neteen, 
whote work lends suppor’ to the Velmholts - Firekhe?? theorr, 


rseentiy summarieed much of the srevicns work on thie inp- 


@rtant dosetion. 

"gintively .1S%tie exoerimentel work hse been errricé 
out in lieuids at the contained fluid: bet it may be recalled 
that Doeresing recorte@ aertein o-eee of inoresse of Yelooity 
in the @ene ilquid when onconfined. nr CTP method of 
‘mestusenent gon thet of the Fundt'’s tube, end unlike moet of 
She expericentel work on found velocities he worked at reither 
high, sthengh sodible, frequanciss, et ont 4000 Wilber tions per 

Second. These notes he genersted by friction, by rubbing 
metel rede longitudinally with « neser “riven friction éerice, 


| 
The conclusions he reported, relevent to the work of this 


paper, are apos$ed ac follaws: "{1) The velocity of eoand in 


Liquids coninineé in tuber, contrery te the eete for genes, 


(1) Phy. Rea. 8%, 1929, p.90; 38, 1929, p. 268. 
(2) ann. dex Phyeik, 25, 1908, pp.227-f£51. 
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~ pe 
Ainoreasses with decrensing redine fer « given strength of well, 
and for # given redinu® ineroases fox inerere ing wall etrength, 
(2) when the velocity gacrentes in tubes the deoreste may he 

eteoribedé alnmoot exe lnvively to the elavtie ferces of the tube 


end of the Liquid: heat condoetion end friction are without 


sppresisble infinence. ({5) Vibrating 2 ieold eolenns generate 
Sympathesio lencitacine) vibzretions in the tube wall: hence 
to cbtain Sund$'s duet ¢imyves it te dusire>le te make the 

nes te ral fraqueric tes af the liqnié end tube 28 nearly onel 

m8 coteible. {4) In vibrating iiqnide, eomtrery to the behaviour 


of gatea, the harmonic evertenes @iutinctiy eseert themésivres.” 


In theve conelovions era founé certain tcpartent corcidere tions 
not compriged in the Halmholte-firekhoff or acy Si-itler theory. 
pa | : 


Ruese reverted to Porsing's sethed to éetermine velocities 


ining certain 


92 Goond in many liqoiés for the veurpete of ¢oterm 


e8efal therredynericni canatente. 


Mm theeretion1 conetderatione of tre aiantictiy of 

the tubaing gonteining welle Shere shealé be corrections 
apolied $0 the unaentined velecitrs in a fla a0 far the waete 

of onexay leternlly by the vibretione of the wall. If the 
wolle are not rigid a gemping a° the vibrationa in the 

eon tained flakd te enused by the vibration in the walls, which 
damping snuses a diminution of velocity in the contained flnié. 


This dininution, however, is néualig omell.e 


(a) Ruese, ann. Geax phoeik, {4} 76, 29024, pp.G57-664. 


Digitized by the Internet Archive 
in 2018 with funding from 
University of Alberta Libraries 


https://archive.org/details/velocityofsoundi0Ofrom 
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pene 
The fact was observed first by Yertheim (1547) and she 

gist explanation wae offered ty = ola (1846). oinee | 
fen the problem has been investigated mathosrticrily by Lemb 
EES gathers, ang mest reeentiy br Greve. “he 

inet undertakes en exeoes folotion of the problem ta find 

the relation between the velocity of seuné ¢ in the eolemn of 
iiquid in the pine ox tube and the veloolty Ce in an unlimited 
body of the liquié. Ae might be expected the relation is 
extresely somcliceted, bunt Gy @zunieying Heoltsahie enproxims tiene 
‘the equntion may be sednccd te Cc. = ee * wheze C » ELn, 

L being the length of a liquic oslamm ancer fuandanentel 


Fesonsnos, end n the revonant frecvener of the generating 


nner end outer 

| radii of the tube well, the chiet eas. Sees of ite 
Saterial, and the veneisy of the liquid. "eesler  fanné 

verifiertion of Gronwall's seletion @rperirentelly br éetex- 

mining the velocitics in a colamm of liculé contained in a 

Tertice] eylinédricshi Steel tabe. “The eoluen wee bron; 2hs 


ints rebenance «%S am audia *yequency by an cleetromeenetically 


exeited diaphrege at the bottom. “hen the resoneroe frequeney 


of the liquid esliuen was the seme a8 that of the élanhregm 
the resection of the dianhrags on the epetem wee very smell, 
ana the velocity uncez thie condition ene crxelly ressured. 


he Salmhol tz, sbhondlangen, You.l, pe 246. 

5. Leb, Prac Vanchernter 1.1%. enfi “rhil.tec., 42, 1506, Ne... 
Dynamical sheory of Sonnd, 1910,ed., pel?S ie 

6. Green, “hii.Meg. 45, 1925, ».907, 

?. Gronwall, Phy a. heave "30, 1927, pp. 71-62. 

8. Pooler, Phys. Fev. 3 i928, ppelb?-168. 
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The modern uuese of thort Lemecth oltresenic weves 
beve introduced new and convenient metrede by which the 
VYelocity of Sound in Lieuide contained in tubes cay be more 
com letvely inves tignted, Yow and interesting reeulte by this 
methed, as shown in trig rovers, vrove thet it ie exdily nose- 


ible to onuse at wild isrzely sugmoented se well st @ iminished 


Velocities; that while the fretere of well Gie@tieity and 
density, andi wall thickness, may have a certein irpoertence 
ther are rot nearly &o ieperten’ to enue merkeé changes in 
end the €lemeter of the 


velocity se the frequeney of vibration 
@2ntsining tube. While lateral waste of onergy in the walle 
and viceoss ¢@ening in the liqcuid tteelf =n» be reiatively 

Saal] infleencing fectere on the vejoct 


Sy in the tebe, the 
éeminating facterve ef all in the d Sermimetion of tubular 


¥elocities sre the factore of eolummer tepeéserce end of vel~ 


active avtorption. he experiments here €eeeribed offer sband- 

ant proof of thie conelnsion, but there sre theoretical 

zenGont ef Well which will be diseneeed In a fn tere veper. 

Only the initial experirental werk will te dexeribed here. 
Virtusily ali velocity of sound mesturecente in 

Ligaiss contained in tabbed, with Dorsing"s, eves", and 

Fubbard ané Loomia' i ae noteble exeentione, heve been maie 

et low fracuencies, ané coniecuantigy in tubes wiees disneters 

“ wore @veall compared with the len sth ar the weve. It ie thie 

feot mere than ary other which has heretefore mesked the effect 

ef esleotive abeorption whieh tr the nee of tltratenies may he 

estily d@isologed. dome of the resulte of thie paper eapport 

. (9) Phil.Vag. June, 1L9LE, p.1177. ‘ 


ther offer a different exslenation 


tr 
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METHOD 
The prioazy abject of the re@eamrches hore decoribed 
was to Gtudy by the ultrasonic eethod the velocity of evond 


in oylindricel tohes, the carrying medium being a ligqnid. 


It wae firet intended to uee tubes of mnterial in which the 


epecifie savcenstic resiotance 4v ‘where A Le the caneity and 
v the velocity of scund in the metericl]) wea lees than or 
oomperable with thet of the iiculéd. tn such tubes the walle 
cennet be comidcered *zizid" in the thwareties!] eenze. 
Paring the progress of she work, however, i$ wee found this 
consideration in cemperisen with othere leter ¢eeerthed ¢1¢ 


nai sreatly motter, and i teenme expedient G2 ube tubes more 


Mmearly “ricid” then «§ firet intended. The frequencies 
@opleyeé in the experiments yenged from staat 10,000 te 200,000 


eyeles per Becond, and the nhaee velocities were menenred by 


the wethod of Stationary gevret. Were arises: fneetion whether or 


moi « Gound #ignel at the stated frecuencies would travel 
Very lang cistences in « tube with the corresponding veloci tics 
here determined). 

‘the “ouree of ultrateund sée@ in the experivente was | 
@ metel rod escilleser, #e% inte lengitedinel vibeetione br 
the ection of « slate of piese-electric quertsz. The phese 
velocity in the tabs wat mestureé by the length of the &tend- 
ing wevees oroduced by rufieetion fro « reflieeter in the tebe, 
or, aé in ieter experivente, by two exsetliy similer etellieters, 


one at exch end of the tube, sotuated 5% the fame frequ oney 


ty parallel connection in the sens electric cenerating cizouit. 


The latter oroved ta be the better mothod of exrerinent. 
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A Giegrem of en suoillator is given in Pig. Ie Thies 
type of secilieter coneleted of two Cylindrical rede of metal 


uéumlly dursluminum whoee ¢lametere were Glightly lese then 


She internel diometex of the expeortmontel tube, and whose lengthe 


Wexe Lung wWongh te be uted ot their frequeney of fundamental 
FoGonance a weli aw the firet few overtones. A thin élee 
of quartz, cut with ite fscer verpenéieuler te an electric 
axié, wae firmly canented between two exactly eimilay metal 


rode #9 that the compound niece wee aligned coraxialiy. The 


seeillater thus fesed « neresllele-pinte condcenter and ae eseh 


Sook ite slags in the plate cireuit ef the valve oeciliating 


| "ig. II. Then epprepriate 
eisetrio sewer wae epplied to thie exellinting olrenit the 


quarts vibrated by pieso~electric action, and on adjueting 


the frequency for mechanics] regenance of the orelllater the 


eatieched rode vibreted with mexicem empl iindée. 


One ené of the red stellietor was fitted snugly ineize 


am enc of the experimental tube, «11 lesking of liqnid being 
prevented by She ase of a soft rubber washer or by wax. 


3% if well eroen Geet if the sascetic resistances 


éivfex greatly for two media the reflection coefficient, for 


Sound travelling in the ones sedium and ineident on the ether, 


‘48 bizph. Coneonnertiy, a8 water wae first s¢e@, it wae decided 


+. ercate he stakienerg Wdaees 
to use en alr veflector,vinee the acouetie regietances of 


aix end water differs very g@rectiy. The sir reflector, *ig. TIT 
eoneisted of « flat, shin, sheet of mice BE, fitted over the 
mouth of « belicehaped piece of metal «t the ené of en spen 
tube 77. ‘The bell wae of euch o Size thet i$ fitted snugly inte 


Roe ca Wwe yy, 
" iat 
: Paks Ty 


fe 
the experiments] tube. the electric sower applied to the oveili- 
ating elreuit wme reetified 6GO-crcle elterneting current 

whiak generated in the ovcilletinzg slrealt a "tonle-trein™ of 
wavee. Though the high frequencies employed were canelly 

altxye audible in plitch the 120-cycle note of thie tonic 

train eould estiiy be distingvishei by meant of a etethese one 
eatteched So the end ef the listenines tubs °F oreleoting from 


Meaturecenta of She weve~lenethe were mate by sdjust- 
ing the vovition of the reflector in thea experiments] tobe 
ansil the ound of the tonio train wee ee mexiv-om im thie 


condition the eclumn of lice id between the ofelllater and 


veflectexy was in yvesornmnt vibration, ea node of pressure seers: 


ing at the sien sheet. “he poeition of the reflecter with 


Feipeqt to a mendezving cele wee noteé anc then sd jue ted $5 


the next mexivom, which wae, ot soarte, one~hel? wave length 


@ietent from the first. hie precess wae carried out through 


gn the whole length ef the tbe, or in the esses of extra 
leng tebea, antil the dictenace from the seurce of She waver 


came Oo grent that the pointe of ¢ete 


eGeble monxivam amolitede 


weme incietinet. “he frecumey of Ghe altresound was 


eter ined by menonzing the frequency of the electrics! oseill- 
ations with s« Portsian wevemeter ené the chase velocity was 
@sloulcted from the velscity, trequener, aave-Langth y¥elzntion, 
| Ven e 
Ae mentioned before it wae ext firet intended to 
@aploy tubes of emall rigidity: ooneequently the first triele 


were carried ont with tubes of sheet eelinisid, 0.04 ens. thick 


ae 


Rey 7 


pheee Veisvclity, 86 mencur et 
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so mede by yaliing the ahewte inte a cylindrics] form of single 


thickness enéi ceme ting toirether the overlapping unde, ¢ 


few tates of micn, mae from mica sheute, were aleo neud, bat 


«thie material breaks too eseily to be‘rolled into tubes of 


enell Slameter. In the firct trials the oxperivental tube wae 
set ap vertically the gunerstor being ext she bottom und. 

AG very high frequencies the nodes and antinodes of 
the etetionery weves were found to te very ¢ietines, and the 
measured vheGe velocity wee the sane as the unconfined velocity 
in @ isrge bu¢y of the liquid. 4 ommil redgotion in velocity 
might have been pateible, but Gt wee #00n realized thet with a« 


wave jenzth hort in cempnvicon vith the desemeter of the tube 


the colomn of liquid scted se on unlimited body. Aw the weve 


length was inozensed, i.e. the frequency diminiehed, the 
ba : 
em the stationsry wevet, wee 


fonna $6 intrente and She d@istinetiens vith mich the noése end 


entinedss cacid be detected beecere duecidedly lees. A trsiesl 


exemple is given below. ‘he rendingé taken are given in 


Ss Tetle i, snd « curve af velocity ageinet fretuencr is plotted 

in Tig. 4. At freqnencic® lower then Tone quoted etancing 
_ weves could net be detected in tubes of thie ¢iemetez, vis. 
q 2 ome. Leveral qurves cicilez. to thie one were obseined. 
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y Hotes: tube - colluiotd Gheet, intornal dinmeter £.0 ome. 
wall thicknees about 0.04 coms. ‘Tianid used ~ water. 
Tempersteare - 18°c. 


He. ef «nt inod¢ea “yequenoy in Yave length Velscity in 
observed. cyelet per tec. in ome. Cine, HOC. 


S81 - oo 206,000 0.496 1.62 x 10° 
21 176,000 0.886 1.56 * 
10 11,30 LH 1.90 * 
—— 99,500 2.08 2.02 * 
| 66,000 4e44 2.93 * 
52,500 6.65 4.02 * 


; some Sime wit ovent in trying ts improve the 

a techn icue of the exp ax taunt, Ge. F2ilinz tabsot, mak ing then rere 
: Graiy ey. indricsl, ené in experiventing wi th mew listening device % 
Such, Tor exemple, 26 eteel xreflectore with erm@1l heles tn then 
Severed with thin =ia0a. {1% wee theuchs thet ivyogulerities of 

q wall shiekness , oaytieulery dicenvions, or seme ather intrineie 
emelity ef the exporivental subeé might be the eanée of the 
bresking up of the stationery weaves andi of the insbility te 
#eteot thes oS certain frequencies. Tabber end other meterials 
4 were employed eG walle of the excericente] tubes, and othez 

: eurves Gimiler ta the ons shown in “lg. 4 were Go ehSsined. I 
was noticed that a8 the internsl diemetere of the experimen tel 
tudes were increased the velocity-frecueney curves retained 


the h. gh valucs «\ velocity 
thet ehupe but were ebif ted towards the lewer frequencies. 
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Frequency in Kilocycles/second. 
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| when a “pyrelin" ‘oullaleid) tobe, internal ¢Lemeter 
SG ois. wee used 1% woe found possible to detect eta ti onary 
weves at lower frequencies with reepect to the xiee in 
Vel oc ity- frequency ouxve than wore hitherto poweible. “he 
feadings tsken are given in “able IT end the veloolty- 
frequency curve plotted in *ig. 6. “he important thing to 
notice ig thet near the high velocity values there 16 2 gen 
in the euryrve whieh gonid net be filleé in, end that et the 
frequenciea below these cerrespending te thie region the 
Welocity casa very low. ‘ther ourves siniler te Pig 6 
were obtained, bos after many trinle it wee not fouré noseible 
to Zilli in sempletely the eep in the ourve, consequently 
iS @at thancht that some new me thod af exneriment shonlé 
be covised. | 


Sotes: tube - pyreiin, internal élenmeter - 2,0 ome. “#11 


thickness 0.15 ome. Licnid ueed - weter. Tempereture 18°. 


Ho. of nodes Sxequemey in Wave length Velecity in 


 ~feperved eveles per tee. in ome. emi, Sec. 
il 64.400 1. 94 1.64 x 20° 
10 52,800 6.26 S30 * 
é 61 200 2ekO i196 * 
6 12,500 6.10 0.762 * 
6 12, 200 és. 85 06.675 "™ 
0) 


Boyl e, Lebouann ané )oeresn fome veers ego (1923) 
 gerried ont. a few experiments with Kundt's tubes charged with 


fe) ce VoleTXII, eeteITI, 1926, p.571 


~T Pe 

water chavged with gindwxy ¢uet end olaced in an ultragonic beam 
projected in a lerge water tank, but the observed resvite 

on the stationery weves formed in the tube were not very 
Gertinite. Poliowing the same re thee | e dtarte block trane- 
miter, of 4 in. diameter redinting face, was set up in o 
lerge sank of water, and slate ti ber qitted with wa tex 
eonteaining cinder dnet were lowered ints the emitted ultra- — 


| feens Lonally rather oor ficures were formed, 

but afually nothing pas tioules baoneaned. The reéuite in faot 
were not as ignod at thote of the former experi-centers, e1 though 

the idenSics1 sapperntae af uted by tem wae here employed. 

Se GUMoie erable Sime Une trons tryine & ieprove condition, 
eng. adjuet to moet sc itable frednencie#, and find correct 
 @ieeé tubing for mod figures, tut the reeclte were @o poor 
that thie particuler method wee abandonet. 

A new exoerirent, the yepuite of which were very 
dllevineting, wee next trieé. AN axpericentel tate of slaes 
of internal €levceter 3.6 ome., lengths verying from 10 to 
30 ome. wee get ap horisontelly, end « zod stelllator wee 


€1¢ted inte ene end. The other extrovity of the tube orojested 


hycugh a bole in one ond of s Smell tank af dimensions 60 
at some éistance fyen the mouth of the introding tube. “the 


«, and a refleotor of mete] wat nisceé in the Stenk 


tenk and tube were filled with we ter cherged © ith cinder ¢vuet. 


A élagran af the arrangesat ie ehown in Pig. 5. 
‘gltrasonte suGllletexy wee onerated the cinders formeé & tation~ 


axy éoet fieures in the giees tube, ané om sifting duet into 
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at Wd 


the eater in the tank in front of the reflector figures 

ef Stationary wavee were wnelily divclueed. Measurenente 

ef the velocity in the tube and im the tenk were “aken 

in thie way, and cheoked by the ilstenex -ethed ‘nnsre B) 

GS Verioas Srequencie®. Zhe reenulting velou lty-frvecnency 

surve fox ‘he tube wae the seme with beth duet figure ané 

ilesener fpaze 6) mutheds, and very eioller te the one ehow 

. in Fig. 4 [% is intereeting to note thet the velcoity in 

the tenk yeneineéd cunstant 2% sli fretuencice, and that the 
daet Zienzes woulé no% form in che tube «4 these freqeencice 
at which @tstionary waves could not be detected by the 
listener method. In other worde at these frequencies 
Stetionary waver cid not exist. 
| & special tank wlth ence and bottom ef wood and eides 
ef gelinleid wae new conetrected. The é inens ions WOre: 
Length 70 ome. height Gene. enti width 2 ome. The end of a 
rod escallliater ef # inch diameter intruded through a bole in 
ene em of Ghe tank end 2 moveeble steel reflecter epulé be 

pleedd in the tenk in eny dusized sosition, The Lienié in 


ay meane of both duet fi gnres and the 


the tank 


Ca WHET. 
Liéteming methods the #%otlensazy wave field wat meoved out. 
Phe xasul ting Velovity-frecuener curve wee the tame by both 
metheads and wae very mueb iike thet of Vig. 4. In this 
Gace the crsea~section of the Llicuid aslumn wee not cirenler 
Oe wes the Liquid commietely enrrounded with wall er other- 
wise enclowed, shich showed that the veriatl en of velocity 


with frequenay was not dependent on the eectionnl form of the 


Gealded to employ trans 


“tae 
liquid aelumm, ox on Lite partisl ox complete enclosure by a 
wall. Shae in the courwe of thie revenrch 1¢ wee eaetly 
gxatoo@ that inoresved ox Clwintehed phage velocities oould 


be eotuined at will, and 1% beceme nevesscery to lnveetivate 


whet were the influencing faotere of the veloolty chen ces 


by more orooisa me theda, 


Iu experinentel] wethedse bared en etetionary wevee 1% 
ie alwaye preferable te be able ts gee She x epresentations of 
the nodee and entinedes from which the meoneur ements mre taken. 
Veneequentiy in ‘the further waree of this retearoh it wae 


parent experimental tubes, Ver eover 


by teking aiven tage of the ‘ih dhallibe of wltreeenie ecevitetion 
bubbles of ese ereduce@ in the liguid by the nltresente 
vibre tions eoule be need te meurk ont the notes of ote tlonery 
waves, end thas avelé the neeeest ty of charging the experimental 
Liqagi@ with duet or ethex teopurities of any kind. 

any given preceure in « Liquid eonteining ¢ieselved 


gee if otatlonery waves exivt and axe out flelently energetic, 


ome babbles of eae will form thrmagheut the timid one te 


sent br the oreeeure ef 


dviven to the nodew af ¢ lepiace 


yediwtion of the weaves. Therefore, 1 om ditraveonic beam 


be dizeoted vertically upwards through » liquid colums, leyere 


of theee bubbles will te farmed, ene-hel? wave leneth apart, 
myallel te a hevisentel »,efledting turfeee; 17 the beem and 
6olumn are boriaentel the bubiies w1l1 be dziven te the netes 


ané riee in veries) curtains, one helt weve length apex, in 


the nodal planes. 
(IL) Boyle, solence “rogvess, NZIIT, July, 1926, ps4. 
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Vaphtha 1e@ 6 liquid eavlly made to bubble, con- 
sequently 13 wae c€acided to uve 1% ae the erpertmental 
Liquiég enclosed in sleee or errnlin tuber. he tebes were 
@et ep Vertionily «end the lencth of naphtha eolumn could be 
eacGjiueted. .tationnries were reduced by reflection «at the 
free eiz~liguid eurface, ané the weve lenerthe mensuredé by 
She dletance between vernllel lerere of tne. "he 
results of « rien? experimen’ are given in Table ITY 
and in Pig. 7 the valeoalty-frequency curve 16 vwloetted. % 
#111 be notiosd that the Res) _ hoon in previone velocity. 
frequency curves iv now feiriy well filled in, but it ie 


impusten$ to observe thet only a very few requisy nodes 


eoulé be detected at frequencies nenr the ceak of the curve. 
She £0 thw Sion ai etetlonnries «a3 fxecuerncies eporocriste 

to shies pesk woe very poer: the nodes were “oth fow ené 
ivzgesuley, ond the inédiecsting ene babble@ eheet alenz the 


tebe in the direction sway fsom the oecillator st if almoses. 


“gli the energr vers trevellins in thet irection, very 


little being refiecte! directiy beek. 
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Nae. of nodes *yedueney in ‘ave length Velocity in 
Vbseuervad, or7eles ver ec. in ome. OMB.,; Hea. 
4 SE, 900 &.O0 1.69 x 20° 
6 60 , 800 3.25 1.57 2s 
4 61,450 £2.60 1.56 " 
8 —6- 99,200 . 1.06 1.56 
5 40,900 Sel? 3429 ” 
3 46,250 4290 2.21 4. 
7 £9 SOO eek? 0.959 ” 
& 16,550 6.56 ee of * 
2 45,460 &oI0 £2.04 " 
4 46 C10 5.40 £243 ” 
7 96,000 1.60 1.55 " 
6 37,200 £.46 0.923 * 
te curve Fig. 7 bear® e refemblenes to the well 
known telective Gigpexsion (“snorsleue™ dienersion) eurve 
ot optics, where the inéex of resraction 'whigh ié prenvertionsi 
| $9 the treciprecai of the shate Valocity) is plotted on a 


frequency bupe. fere the velocity iise\.f le slotted, but 
the ohereeterivsic fall, sharp riee, « eubeecuent £2611 of 
| the velocity frequency curve are unmistekesbie. elective 
dispersion ie anneed by the telective abeorption of energy 
at the frecueney of the sharp clecon¢innuity af the velecity- 
frequeney fox zeeiprocel of velocity end freqnency) carve. — 
It thus eppenre thet in the or een’ cate there is « specie) 
sbterption of energy s% the Trequencie® sf and near the peek 


of the veloocity-frecuencey eurve of Fig. % ‘Under sack 


“Lh= 


conditions of abeorption 1% would be diffienlt for etat- 

{ lonaxy waves to form in the tabe. nther there would be 

& Gompoeite of etntitienary weve and weve tranemiveion 
Gharaeteristioa, the etand ing weve pattern tending to 

! digappenr ond the wave tranemiseion hecoming the more 
pronounced a@ the abeorption of energy increased. The 

; greater the aheesption the more the vibretionel impedence 
| of the liquid colvmen becomes like » pure reeletanoe heaving 
ne yYeaotanos componente, “hen the fmvredcance of the oolam 
ie gelatively without resl@tance end conetete moetiy of 

| ines tie. she a she oteanding weve pattern will be must 
: pronounced. thas the oxyeblem of this retearch opened 

‘ gat inte an investicscation to determine how the ener ay 
heoame shuorbed, ond how the frevneney for thie eeleotive 


abeserotion depended on the dimeneione af the oolumn of liqald, 
af the tube walle, and on the materials of both. the 
setearch haw not been cancladed, bat the remainder of this 
ronert will centain the resulte obtained thane fer. 

An improved methed of experiment wie dGeviced. Py 
using two tranemittere one at esch end of the expex imental 
tube, to ferm the stationery wevee ingatee¢ of relrping on 
the refleotion by a vefleator at ome end only it wee found 
that betsex @tationnyies could be proéveed, ee@pecteally at the 
troublesome frequencies eS end nesz the peak of the velocity 
frequensy ale 44 ‘der $ieal treremntttere, which were oonnected 


(12) dxandall - Theory of Vibsating Systeme and Cound, 
wi, LORG pons i06°108. 
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ct We Lal 

in parallel to the ofoillating olootrion] olreult, were 

£itted inte euch end of an experimental tabe. Chie tube 

wae provided with « branch pips near ite middle throuch which — 

the tebe a aud be filled with the experimental Liquid, and to which 

a FYacuim pump could be attached to foatlitete enviteation in 

the Liqnid by leseening the internal preseure., “he arran;re- 

ment wee et shown in Mig. & ‘the distance between the 
 tranemitters wae varied, but with 11%tle effeot an the 

btatlonary wevee except whan the tube was lone enough to cevee 

@ Giagnifloent lose of intensity et the gcentz4 The reerlt 

of ene wat of rendings, taken for nophthe in # gleee tuhe 


of dlemeter 3.8 oma. exo given in table Iv. 


[ARLE IV 


Notes: Tebe - Dlase; ten¢th of tube « 57,0 omé. Internal 
Ciemuter ~ °.60 ome, Well thichnose - 0,2 cme. 


fo. of nodes Precuenoy in Weve length Veloolty in 


obeerved. cvolea per tea. in cme. OMmBs, BCs 

12 29 ,000 5.20 0.93 x 10° 
b 8S , 200 2.66 Oe > ate 
8 34,600 2.61 0.982 * 
6 a6 100 3.44 1.55 * 
) 6 26, 700 3.84 - 9,987 
| 6 73,900  —s-168B 135 =O 
: 3 39,500 5.30 2.09 
j 3 34.376 2.70 o.9288 
3 84,900 2.60 0.907 
2 we ee ee 


Cia RET 


i wie as 


u 
Gri 


VG 
( ; ee 


CIM iN 


OSE H HSP-HS BY robe I ze guanee 
F bo 44-- +e > + ram -+- test ptt a tHe HH fei sae caens He aBe aguaeg | se aaa aoe cats T. 
-+P-++t +4- empty bee + desees [5 
++ ++ wi bess pope LET RL ene + ail 
wy : x any pugsre pene =e ++ 
+ - — - - — ae ae 
ret . “+ +5 . - BB stan aan SEE are 
r++ b+ —b++b - . o-5 — EB Bi a t 
rer ee ee er ee ~-+ tea gauws . + a H: 
4 Pp 2 Baer = : dcezawee 44. 15 1% 
ttt rigtt we 4 ate S5 mf : 1 J 


oo! a _ ae 
Sesraataitt eee Hseeireaee eee EEE 
Ee ue ee Huu qoueeanel 


Se |. ee : 
Hie A Hv beer eer Sua rt | 

se Fete aoe ic (Egie HERE SHA 

as Hey Siiniitins: : : site setts : sates saeetaaiecsttts 

sees gf ipanuegens: | meee Lie H 4 4 H an HH cesebaaas Zz HH H Hy se scersee a H +H 

af ue s, teenrseiinasn: eoeeene tera serenade PE ie mafecasuseesceseceu ape i 

aes arate sie eee SESE eee eeettae tee etaeeen aEeEEEL 

La. caeriseituiit’ egg eee page Se ae siiisafetaat ere sits 
ye ie eos facta Hee See eter etEe ee 


Po tot a: Sdasadeaneas SRRGERR. Wesaseaseee Ht nas Seetieed 


HH sete itt a sivssfastice Busrstecebecsan dees 


rt He ao ae oo art Benatar suetites, coitentantentis 


e van He sengen we: ciate ernest ager See H tie aie z= 
pfrsssststcerecbesssztce a Gssetadiicssuaseoeaztane es Ht = 
. i Eee een ee atin = 

ae 


BECRSs Beeesgauseaenas = ' Srassgeaee ee Saye eee 


ainsi 


sceeeaersesseeeae 


— 
attest 
HH 
scetuee? 
eet | 
ane i 
ae 
pu 
fae 
eA 


a SCC. x 10 
a 
a 
HEHE EHH 
ae 


Ho ance EEE EE 2 


Se te rr ee ert MU sae at: 
ae atescetser: ie aie Ha : 
EBerieeeiiiemeeetriereisieentcee a 
q peeee ea ey ua Snead aeneaea| a ate 
nae Sesssssiisiecataasttnnettiitaea oe zt . stee 


eyes eeieeies Su . alae 


sueeeseasiccitt sepacecccamencee eeeene 
eit: seitanee 


Ln cms. 


seeve ise assess ui 
sere es Seee praisifes Siriitieel 
Stel SITE 
eeouscegeausgscceussesesseoacusessaus srstieie 
Suite Heoszcazetgtoustesitosveagies Ssieritnviecy: 


see 


Het ssasdieiteagtiiit? en ere 


Soeseee oe 


nH 
rH 
He 
a 
aoe 
att 
fel 
eaes 
spect 
HEE 
oe 
cece 
t+ 


HR MEH iat 


Senne easencdsacnaancnees 


oS 
CoQ 
sageee tt 


oS aii es siittzec ane 


0 iorseaaag 4 ime seaneres ae 28 See at 


meee. 3h AD ay OD ae oe 
Fr @ediLenctirVs inok i | OC If cl es/cecan Ada. 


he 
ty) pes. 


noe 


ed 


CS eget 
Sebae Sees 


revgd: 
4 wv 


| “tG- 
The Velocity frequency curve ie plotted im Pig. 9. the 
Yosulte vuing the eome Liquid end e pyrelin tabe of @Lam- 
eter 1.9 cms, are given in fable V, end the corresponding 


curve plotted in Pig. 10. 


TALS ¥ 

Noe OF nodes Yrecusenoy in wave length Velocity in 

observed, — oyeles Hex BOCs in ome. OMB», GUO. 
ai 78 C00 1.681 1.86 x 10° 

id $4,600 1.60 1.86 “ 

& 66,000 : £408 1.59 ” 

$ 6 ,000 5.80 A. BE 

5 64, 900 4.76 0.766 

4 66,900 2.40 1.46 «* 

6 fe. O06 oak? 1.74 * 

& 69 , G00 2,62 1. BO ' 

6 53, 700 3.40 1.02 008 

7 46,150 6.10 2.6. * 
& (61, 706 580 1496 " 

& 47,600 645 =i 

& Ach, VBO 1.79 o.787 * 

6 6 O00 £2.33 0.845 * 


Theat thie methed of exnericent was a creat improvement 

en the former mathede easntld be teen in the Tact thet more 
and more reguler uSationery wevee could be deteated at the 
aéiffiewlt frequencies in the vieintty ef the peak of the 


Velocity-fretuency curve. 
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of the Tube Wall 


Inflaence of the Length 


Qo determine whether lonvitodinal reeonanes in the 


~ 

q tube wall o8 olaimed by Soyeing wae the oanee of the 
| | 

? ebé@erption spee¢inl expertmente were begun with a long 
| 


plece af ginvs subings thie tube wee shortened many tines 


Se 


and the velocity frequenoy eurve for the contewining Liculd 


wae retaken at. eneh lentth “he ehortenine wae by announce 


oe ee 
=e 


of ebout 1,8 wave lencth of longitudine] weve in the wall, «4% 


the penk frequency of the velocity curve, [os a range over 


SS eS a ee 


pets 


a weve length, end s ter thet at irregular intervale. ‘the 
youulse are «iven in table VI end the corresponding | 
Vaeloalty-fzequeney curve pistted in Pig. ff. 1% te imp- 
artent to note that this eurve remained eectly the enme 
foxy sll lenethe of tube exocurtmented with. “erein is s 
éifferenes from the abeervetione of (ore@ing, referred te 
(p.2) via», thet the vibrating liqaid columna generate 
ermonthetia loneltudine! vibrations in the tube wall, and 
to obtain cundt's fieores one moet meke the ne tural 
fyequeneies of Licnld and tube «8 nearly ecnal a& 
poseitie. 6 mats no ¢ifference here to the formation 

of the stetionery weves, a0 inéieated by the babbies 

in the nodal plenee, how long wae the leneh ef the 
ox pox inen tel tube. In the fires oxpezinent of this 

kind the zoe oseilliate: wae not lerge enough in éLemeter 
to fill completely the and of the axperivental tube | 


and o thiok washer ov eoft yutber hed te be ineerted to 


-2l~ 
fill the annuler tpscs between ovelliletor mnd tabe, in 
whieh cage poewibly the vibrations from the oveilletor were 
not 69 well communtonted to the tube welle, tat o 

Spedial exneximent wae Loter verformed with a @leaee tube, 
internal diemeter 3.1 ame, ueing seallintore whieh fitted 
very @naglp inte the ende af the tube end driven with 
mexiom power at tholx fundamental resonant frequency, 
whieh frecqueney wee mete shout the seme ee the frequency 

of the neak of the Voloolty-frequenoy ourve. Unéer svoah 
eonéitione vibyatione west hese \icen O88 ‘iy gomeantonted to 

the tube walle, bust there were no notioerble ¢ifferenoces 

in the ax per inen tal reuulte, fre excarirentel Llieuié in 


thie certlouler osee was tzaneformer 011, 


No.of nodes freqanency tn “ave length Yeloctty in'lLength of | 
 ebeerved yYOlU® per ted. In ome —— Othe, C805 (tube in ome. | 
7 "7,600 - GeO 1696 x 10° 99,48 Internal 
oo | lene ter 
6 46,600 4.20... | BOL. * F6.6 8.2 ome, 
: 46,800 4.30 2026 " (80.4 Phemeter | 
| , of oietons 
ek. 46,800 — 4250 £016 " + $($‘A6e7 2.8 ems. 
2 46,800 4:30; ./ 8015 * 16.6 
a 4.20 | 8015 " =| 14.6 
g 4.50 2,016 * 12.6 
2 4.30 | 2018 ° | ited 


Ope 

Any 8hift in the position of the penk of the ourve 
slong the frequeney base would have been shown by large 
@ifferences in the value o* the veloeity, since the curve 
lsé very steep at and near Ghie varticonlar frequency. Table 
VII gives the values of the velocity obteinwd for different 
lengths, They 1% within exvertrental error on the carve 
shown in "ig. ll. If there were any ehift of the peek 
for different lengiha of tube 16 wae very amali indeed, 
and oo0ulé not acoount for the large differanees in peak 


Velocities noticed for tubes of different diameters, 


Divgferent Materiale av “Sxnerimentel | loulédse. 


Caster o1] and water a& exnezimentel liculds were 
now employed. They were made to bubble ond form etationery 
wavee be xeducine the internal pressure. “he resulte were 
of the same kind ae thoee fox naphtha, but the neak of the 
eurve oceourred at a different frecueney for each liculé need, 
tzansfornerx oll wae found to be She most oonvenient Liculid 
in all thete exnerinventa, beonuse the bubbles produced 


by oavitation were finer and rose through the liquid more 


slowly owing %o the greater visaobity. 
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Influence of Vall Thicknese. 


wpeoial expexinente were performed to find what 
effect, if any, the thickness of the wall of the tube hed 
apen the peak frequenoy.ef the velocity curve, Up to thie 
time 4¢ hed not been neseible to abtein a namber of tubes 
of the some woll materiel having exactly the eame internal 
dlametex but different wail thicknesees, “orteonetely four 
glees tubes varying only elishtiy in internal diameter 
bus with large differences in well thicknwes were now found. 
the Velocities at Various frequencies vueing transformer o11 
in these tubes were mossuzed, The lengthe of the tubss 
were different, but 1% hed been shown previouely that the 
Velooity and penk frequenay of the veloclty-frequencry carve 
were Independent of the length. The reenlis of theese 
mengurenentse are given in Table VITI, an¢ the oorruepending 


Weloaity -frecuency corvee ara slotted on the same freqn ener 


base in Pige 12. TS le important to observe from the 
| gurves that the peak occurs «et higher frecuenctes for smaller 
éiametere, but ie not dLaplaced Totuierly with reenect te 


wall thiokness, 

: afterward 1b became pegeible to obtein foar more 
@lines tubes of the sane internal diametere, vig. 310 cma. 
but of different wall thicknesses. the readings fer the 
voloo ities in the transformer 911 2% frequencies next thet 
of the peak are given in fable IX, and #11 velocities sre 
plotted on the fase freqnengy beevee in "itels. It Le eeetly 


#@een 220m the curve that the thickness of the wall of the 
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No.of nodee "“yeouency in Wave leneth Velocity in “"ubing. Mark 
observed OVGLek, 40. in ome. OMB ss BOGe> ove 
6 Cuave 
4 Ho 000 3.50 1.75 x 10 Cellinloid | 
2 37,800 7.40 2.76 " Length | 
26.0 ome. 
g£ 44,800 4.60 2.08 “ () 
in ternal 
3 60,700 2.68 1.66 " diome ter | 
5so6 Ome. 
3 £6,960 £.96 0.866 " weil 0.04 
CME» 
a 83 .300 1.78 1,87 * Slaes 
2 44%, 800 4.90 £.20 * length 
z 37,260 0 BO 1480 ” internal - 
éieneter 
2 29,000 bedG C, 976 ad oekO ome, 
wall -0.36 
5 60 , 900 2.78 1.66 * OMB. 
6 66 , 900 ie Bs 1.66 " Slaee 
3 BS BHO 3.60 1 | * length 
| 36.8 ome, 4 
2 44,800 6.60 o.07 " internal [ 
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3 PP O60 a0 0, 614 si 08 ome, 
well 5380-10 
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5 6a, PO oel4 1.67 - Meee 
6 46,100 &_ 26 1.90 “il lenzth | 
16.0 ome. 
yg 27,500 7.00 £4.63 ” internal 
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7 £9,000 jel? O.9z0 * io Caen 
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| : 28 , 960 6619 bone uw a6 1s on curve, 
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z oF ,200 £2. 28 0.36 " ai 
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‘s cf 
: 76 400 B07 1.66 " 
ie " 
66 600 2,20 1-66 ” 
3 " 
—6- 60,800 n. 70 1.64 ° 
5 . " 
6B, G50 2.92 Le " 
2 | " 
81. 900 4.00 P.076 7 
g wv 
5 £3 200 oe 64 1.94 " 
6 : " 
EN ek ne be 5 200 462 1.93 " 
8 a] 
61,000 £.70 eT ee 4 
2 uy 7 
81,900 4.00 e076 * 
a id 
80,600 1.80 1.46 z 
3 7 
he ae | bl BOO & « O4 £09 " 
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2 bd 
4 “” 
66 400 b.08 1069 " 
g | a 
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3 m 7 
. #7 400 1486 1.46 " 
% " 
4 J 
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& nw 
ee ee ail 63. a0 ; beg : 1.69 bi es Cate 
6 ae 0.80 
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3 " 
8S ,600 2266 1.98 " | 
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3 a | ’ 
S7 800 £2.50 . 0, 936 + , 
% * 
77 , 600 4.95 1.651 " 
" 
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66,900 2, 60 1.56 ” 
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“P6- 
tube does not prodnee any appreciable effect an the 
corresponding volooities or on the value of the peak 
frequonoy, in comparison with the «reat of fects cnueed 


by changing the diameter of the tube. 


It had been notioed that for the seme tube the 
ppeition of thie pesnk denenced om the conteined liquid, 
special expexinenta to investigate this peint were now 
Garxied out, using chloroform and transformer o1] a6 
Liquide under the Bane expeazinentel cenditione and in 
the seme tube. “he results are tabulated in Table x, 
and the veloaitivn aze plosSted on the seme freqnenoy 
bave in Pig. 14. “the ponk is definitely at a different 
frecuenocy for each licaic, and ae ean be seen from the 
geediinges at the hisher frequenciet, the nermel “ancon~ 
fined" velocities of soune in chloroform and tranefoxrmer 
oil are quite different and agree with theese determined 
by other methoda, 

In order to finé the effect, if any, an the chenge 
af veleotty. ‘eaten in the conerating wevee, the 


intensity of the ultrasound emitied from the oeollintore 
wea \u 
if 


versed 
a 


ae 


n several sceesione: bat the resulte for 
differen’ intensi tion were siways the @ame, On tome ; 
gooesions the applied hich frequency voltage on the 
tranémittere was doubled, whieh increased the ultvasenio 
energy intenaity fourfold, bat withons any noticeable 


ehange in the manenxed welocity. 
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26 ,980 
37,660 
6% ,000 
60, 760 
88 , B60 
80 ,600 
81,200 
34,600 
44,860 
46,176 
£9 ,000 
"6,150 
81,600 
6B 000 
98,000 


£9,070 
53 ,260 
44, 900 
46 ,000 
44,900 
é7, 260 
60,700 
92 000 
84 , 900 
92, BOO 
76 400 
66 ,000 
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PA ih a 
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4.80 
3.98 
2.10 
1.75 
3.68 
4.09 
oe TD 
4.86 
2.64 
2. He 
4.69 
1.36 
1.22 
1.51 
eit 
8.97 


a) eit 
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4,60 
1.90 
2.67 
i. 70 
Le 7G 
1.72 
1.97 
£2.08 
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1.50 x 10° 
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Pv eee 
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Ae 6... * 

1.61 * 
1.89..." 
1.46 * 
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Wall 0.10 ome. 
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An attempt wae aleo made to find other peske ("ebeorp- 
tion banda") in the Velooity-frequency curve ander any 
given conditions. 4% wa» thoaght that if there were more 
Shan one peak in the curve they mircht occur at harmonics 
of the fxequeney of the fizet, aines the effeot shown 
here 18 no deubt due to wdlective reeonance of oeelllation 
in ome poeaible dagyee of freedom. In order to employ 
oe ficient Lengthte make acon — aaa ‘ ro cli oe 
at,abarmonio frequencies, it wae decided to eee » tube of 
large @inmeter, A tubs of internal diameter 7.9 om. 
wae Cliled with tranetaymer o11, and sheervationa of the 
¥elod lty were tahun fox frequencies ranging from 16,000 
to 100,000 cycles peux ewoand, “he reeulte are given 


in Teble *{ and the veleoite-frequency exnrve plotted 


in *ig.Z¥.. %[% wlll be natieed that there ie the 
teleetive nbeorntieon peak at @ freqaeney of £5 000 G/ 800. 
and an indlestion oniy of a eecend peak between 46,000 
and 60,000 a, 660, but thie {8 not wextein., “he curve 


is quite ivregulex between 40,000 and 70,000 and aifz- 


fault $o interpret. ater 70,000 1% seems to ateaty 

éewn to the novmnl velocity. “ith tebes of much emeller 
diemeters the firet selective sheerption pesk oeenre af 
mugh hiches frequencies, #o that at doulle thete fzreq- 
uenolee ox higher the waves are eo short thet the tabe 
sete as a large body end no secend peek le noticed. tach 


ef the reudings aupaed in Sable 72 ie the averege of a 


nunber, the mean vuxiations ef whe? were @rell. 
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Velociby in CMS,/Sec. 10° 
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Influence of Siometer of Column. 


Uxperimnente were performed ti find whether or not 
the stending weaves world vary in leneth alone a tobe whose 
Glameters wat not uniform. <A contonl glets tabe (dimensione 
diemeter «t large ond 6.60 oms,, and at &msall ond 4.60 ome., 
Length of tube 59.8 ome. thicknese of glace 2.0 am.) was 
Het Gp Vertiesliy, ond a pleten otollistor wae fitted 
into ite emailer ond. %% wat ynertinlly filled wi th 
troneformer 911, ond etetlonary waves were orodneed by 
veflection from a sinte in the oil. “hen the ovellletor. 
wae eotunted at fairly high freqneneles no 4ifferenae coulé . 
be detected in the leneth of the standing waves but et a 
eertain lowes frequeney noteble differences in length of 
atetionary wevee ovouryed. In Table TIT the distance 
between suoceselve modus with correspending calonlated 
Velooltr ie given ef well ae the mean éLemeter of the 
tube correevonding ta thie particular helt weverlength 
The velecitioeg are cletted sgeinet the dlametera in Fig.16 
the curve tisen te e penk st eo diameter of shout 5.5 ome. 
the reoulie were anticipated from the feot thet the 
Velooity-frequenoy ourve rises to e peak st some frequency 
whieh ?o-r ne @ane Liquié will depend on the diameter of 
the enclosing tube. 
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The frequenoy af the vibrations wae £6,170 oycles pexr second. 


Mariah sires | wtaectio te” | eee nate cane ae a 
length in ome. OMe / HOAs 
1.90 0.996 x 10° 4.69 
2.00 1.05 * 4.26 
2.80 120” 6.02 
3.0 ey b.19 
5.08 2.00) * 6.37 
$.66 2.08 * 5.69 
3.96 | 1.96 0° be 
3.68 1.67" 6.93 
5.46 18g * 6.09 
3410 1.66 = 6.24 


& @lees tube wee bliewn into the ehepe shown in 71ig.17 
to ee whether oxy not 23 same pertionles frecusney waves 
of different iength woulé be formed in the seatione of the 
tube of different dieneter. ‘the interne] diemeter of the 
lorgex seetions wae 3.0 ome,, thet of the emeller 1.7 oma. 


7% wae found diffienl$ at moet frequencies to make atetion- 


ary weves form in the gmalier section of the tuhe, bat 

) theme wore three éifferent frecuencice af which steatLonary 
weve centnzements were quite reselble. ‘% a frequency 

of 61,600 oycles per aegond the weve length in the large 
eectione wae 4.40 omé. end in the amall cseation epprox- 
ivasely 3 oma; nt 61,700 cpclee per second the weve length 
in the large eeotions wae 1.91 anes end in the small 2.1 ome; 


at 95,600 the weve length in the lesge seetion wae 1.67 oma, 


Fig.I/ 
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end in the @mall 1,86 ome. It 16 seen from thie experimen 
that the velooity depende upon (1) the frequency and (2) 
the diameter of the column, and that the frequeney can be 
adjueted go that the velocity is greater in the larger tube 
than in the emueller or vice veren, “he reenlte were, of 


eourse, antioipated from the work done previously, and 


eyree@ quantitatively with former reoulte. 


Prequenep at the poak Interval disenmeter of 


in @yole® ner 806. : tube im ome. 
7 S00 3.38 
14,900 es 8.60 
72,600 | 1466 
© 61, 500 300 
62,000 a 
40 C00 oe kO 
BE ,000 3680 
£4,800 | 7.90 
26,170 G.60 
16,500 G.'70 
$1,000 4,20 


‘ho velecities and cerretnending peak frequencies 
were measureé ufing treneformery o1] a@ experimental 
jiguid contained in glase tubes of different diameters, 
in table XIZI the frequencies ot whieh the peaka of 
velocity ocourred and the internal diemeteré of the tabes 
aye given. In Pig. 16 the frecaencics #% whieh the peaks 
eecurred are olosted #gainet the corresponding internal 


@lametere of the tubes. 
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Velocity tn fir. 

‘he veloolty of sound in aly wae mensured in 
several tubes by inti iy a refleotor with o email 

pieee of mica paetedvin the centre and the etethescope 
| atcached, «6 in the varllery exparimente with liquids, fo 
aiffexenaee in velooitioe coul’ be found at differen’ 
freqnangioe, and the valoaities so mensured amreed with 


the unoonfined velooitiv@ in air at the same tenneratures. 
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fone las ion 
Tt ie avident from there exverinents that at 
certain porticaler frecnenciee, which fixed some relation 
of the diametex of the tube to the wave leneth of the 
oeGiilation in She liquid column enclosed by 1t, there wae 
& tarkeé Buleetive absorption of energy which caneeé all the 
usiel characterletion of en abaosetion band, Wave-velooi ty 
wis greatly lowered immediately on the lower olde and 
aren tly valoed inwadiately on the higher eide ef the oritical 
fzreguengy. lollies wonld be the condi th one “f amnlitade, 
pag tlels valoolty and haxmonio preetenxe in the wavee. fe 
doubt 1% te of frequencies fer removed from the absorption 
band, where the wave-length ie withers very large or very 
Onell compared with the diameter of the column that all 
previous experimentea on velocity have been anrrieé ont, 
that ie, on the regular oné flat portions of tha velocity- 
fraquenoy curves fox removed from the Trequenoy of the 
 @iseontinalty. It le no Goubt, in these rengee that 
theories like the Helmheite-Lircherf theory mey be applied. 


At ov near the frequency of an abtorption band the velocity 


ghanges reprepented by such theories ere xyeletively ineig- 
nicvigans. | : 

‘widentiy the next problem will be to finé definitely 
what eeectly te the osune for thie sudden eeleotive shbsorption 
of enezagy. The fect that the frequency at the abeorption 
band 4008 not 6eem to denend om either the length or the wall 


thickness of the containing tube indicates thet 16 is neither — 


“ube 


the longitudinal nor the fleetural (letersi) vibretione 
in the tube walle which onuse the phenomenon; end the faot 
that the oritiosn] fregueney ehifte with ohanve of ¢lometer 
and with ohonge of Liquid inéiested that it te in the 
eolumn of Licnié Ateelf thet the energy sbeorption ie taking 
plsee, though in what manner te not ot prevent know. there 
is, of gouree, the soeelbility treat eines there is more 
than one type of vibration teking place in the plese-eleotzic 
quarts driving the ctelllatere which generete the waver, 
thexve way be c¢t op in the seellletor sane beg iad o#olli- 
ation whieh io communicated te the lier lé celomm and which 
the liculd selunmn seleotively reenends to end absorbe. 
Werther oxperimente witl to enderteken later te oontinve 
the investicntien on such pointes, 
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